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Pathogenic Diversity of Xanthomonas campestris pv. poae
within the Genus Poa*

Tomoki NISHINO** and Takane FUJIMORI**

Abstract

The diversity of pathogenicity of Xanthomonas campestris pv. poae, the causal agent of bacterial wilt
in the genus Poa, was studied. Strains of X. ¢. pv. poae were distinguishable into three groups, according
to differences in their pathogenicity against Poa species. Group 1, represented by strain JT-P192, caused
mild wilt and a pale yellow appearance in leaves of annual bluegrass and supina bluegrass. Group 2,
represented by strain JT-P482, was pathogenic to annual bluegrass, rough bluegrass and supina bluegrass,
but caused only wilt symptoms. Group 3 included the type strain of X. ¢. pv. poae, which caused only a
wilt in annual bluegrass, rough bluegrass, supina bluegrass and big bluegrass. Compatible and incompat-
ible relationships were evaluated from the symptoms on infected plants and from bacterial multiplication
in the lowest part of the culm after leaf clipping-inoculation.
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INTRODUCTION

Xanthomonas campestris pv. poae, the causal agent of
bacterial wilt of Poa species, is distributed throughout
Europe®®'®, the U. S.'219 and Japan!°~'?. This pathogen
is localized in the vascular systems of host plants. X. c.
pv. poae from Switzerland was first reported by Egli and
Schmidt® ; rough bluegrass (Poa trivialis L.) was very
susceptible, whereas annual bluegrass (P. annua L.) was
only moderately susceptible. Recently, bacterial wilt of
annual bluegrass has also been found in the U.S.'® and in
Japan'®'V. Identified as X. c. pv. poae, these newly found
bacteria are strongly aggressive on annual bluegrass but
not on rough bluegrass'® and are distinguishable into
two groups according to the symptoms or disease sever-
ity in annual bluegrass'?. One group causes mild wilt
and/or pale yellow discoloration limited to leaf blades,
and the other causes severe systemic wilt.

Because X. c. pv. poae causes a severe wilt on annual
bluegrass, it has been investigated as a biological con-
trol agent against annual bluegrass in the U. S.%'® and in
Japan"®'*'%. Annual bluegrass is a problematic weed
due to the lack of selective herbicides for its control in
intensively managed turfs®. About 500 species of the Poa
genus are distributed throughout the world'®, including
beneficial turf grasses, such as Kentucky bluegrass (P.
pratensis L.). However, the pathogenicity of newly found
strains of X. ¢. pv. poae on Poa species has not been
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investigated.

To elucidate the pathogenic diversity of X. ¢. pv. poae
among the Poa genus, we studied symptoms on 23
clutivars from nine species of Poa inoculated with 10
strains of X. ¢. pv. poae, and measured bacterial multi-
plication in the plants after leaf clipping-inoculation®.

MATERIALS AND METHODS

Bacteria and plants The bacterial strains tested
in this study are listed in Table 1. The American strains,
MB218, MB245 and MB291, were provided by the
Mycogen Corporation, and the type strain of X. ¢. pv.
poae ATCC33804 was provided by the American Type
Culture Collection (ATCC).

Plants for inoculation tests included two cultivars of
annual bluegrass (originating in Japan and in the UK.),
six cultivars of rough bluegrass (cv. Omega, cv. Sabre,
cv. Colt, cv. Laser, cv. Dasas and one originating in the
UK.), nine cultivars of Kentucky bluegrass (P. pratensis
L. cv. Ken Blue, cv. Merit, cv. Coventry, cv. Adelphi, cv.
Baron, cv. Raml, cv. Banff, cv. Nassau and one originat-
ing in the UK.), supina bluegrass (P. supina Schrad. cv.
Supina), big bluegrass (P. ampla Merr. cv. Sherman),
Canada bluegrass (P. compressa L. cv. Ruebens), sand-
berg bluegrass (P. secunda Presl cv. VNS), bulbous
bluegrass (P. bulbosa L., cultivar unknown) and alpine
bluegrass (P. alpina L., cultivar unknown). Annual blue-
grass originating in Japan was provided by Utsunomiya

* A part of this work was reported at the Annual Meeting of the Phytopathological Society of Japan in 1997.
** Plant Protection Research Laboratory, Japan Tobacco Inc., 6-2 Umegaoka, Aoba-ku, Yokohama 227-8512, Japan
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Table 1. Strains of Xanthomonas campestris pv. poae
used in this study

. Original . Other features
Strains host plant Locality (Reference)
JT-P192 Annual Aomori Pref. Group 1 (12)
bluegrass in Japan
JT-P195 do do do (this study)
JT-P196 do Aichi Pref. do (12)
in Japan
JT-P481 do Tochigi Pref. Group 2 (12)
in Japan
JT-P482 do Kanagawa do (12)
Pref.
in Japan
JT-P484 do Chiba Pref. do (12)
in Japan
MB218» do US.A do (12)
MB245 do do do (12)
MB291 do do Group 1 (this
study)
ATCC33804” Rough Switzerland  Group 3;
(Xg724) bluegrass Type strain
of X. ¢. pv.
poae ; (6)

a) Strain MB218, MB245 and MB291 were provided by
Mycogen Corp.
b) ATCC: American Type Culture Collection.

University. The other species of Poa were provided by
the Mycogen Corporation, except for plants originating
in the UK., which were purchased from Herbiseed
(Wokingham, England, UK.).

Inoculation Seeds were sown in plastic pots of
organic soil and grown in a greenhouse at 25°C/20°C
(day/night) for 4 weeks.

Bacteria were cultured in YNB!? liquid medium at
28°C for 2 days on a rotary shaker until the early station-
ary growth phase. Bacterial cells were then collected by
centrifugation and resuspended in equal volumes of
sterile distilled water. The bacterial suspensions were
diluted to a final concentration of 108 cfu/ml, by compar-
ison with an absorption curve at 575 nm, to prepare the
inocula. Plants, 4 weeks after sowing, were inoculated
by means of leaf clipping-inoculation®. The inoculated
plants were all grown under the same greenhouse condi-
tions, both to observe disease severity and to investigate
bacterial multiplication in the plants.

Measurement of disease severity Disease sever-
ity in inoculated plants was assessed according to the
following five criteria : A : severe attack, all plants died ;
B : heavy attack, plants wilted with only 30% remaining
green; C: moderate attack, plants wilted but later
regenerated, growing pale yellow new leaves ; D : slight
attack, only clip-inoculated leaves wilted ; E : no attack,
plants remained entirely healthy. The disease index was
calculated according to the following formula :

Disease index (%)
_ AX4+BX3+CX2+DXI+EX0
- (A+B+C+D+E)x4

x 100

Measurement of bacterial multiplication in
plants Two methods were used to assess bacterial
multiplication in plants after leaf clipping-inoculation.
To count the number of viable bacteria in the vascular
systems of inoculated plants, 5 mm lengths of tissue
samples from the inoculated leaf tips and the lowest
parts of the culm were collected from inoculated plants
which had been surface-sterilized by wiping with cotton
dipped in 709% ethanol. Collected tissue samples were cut
into five pieces in 200 !l of sterile distilled water and
shaken gently for ca. 30 min to isolate the bacteria in the
vascular systems. The suspensions were diluted serially
and spread on to YNA!? plates containing 200 ug/ml of
cycloheximide to count the number of viable cells. The
other method was simply microscopically checking for
bacterial exudation from vascular tissue samples ex-
cised from inoculated plants set in a drop of water.

RESULTS

Aggressiveness of each strain against Poa species

Four weeks after inoculation, annual bluegrass, rough
bluegrass, supina bluegrass and big bluegrass showed
symptoms from some strains of X. c. pv. poae. However,
Kentucky bluegrass, Canada bluegrass, sandberg blue-
grass, bulbous bluegrass and alpine bluegrass showed no
typical symptoms from any of the tested strains (Table
2). When the disease index was under 309, no typical
symptoms were observed. Strain JT-P192 caused heavy
symptoms (disease index of about 509) on annual blue-
grass and caused moderate symptoms (disease index of
about 309) on supina bluegrass and on two cultivars of
rough bluegrass (cv. Omega and the one originating in
the UK.). Strain JT-P482 caused moderate to heavy
symptoms on rough bluegrass and caused plant death
in annual bluegrass and supina bluegrass. Strain
ATCC33804, the type strain of X. c¢. pv. poae, caused
heavy symptoms on rough bluegrass, moderate symp-
toms on annual bluegrass and supina bluegrass, and
caused plant death in big bluegrass.

Multiplication in plants

The multiplication of three strains of X. c. pv. poae in
four species of Poa which showed symptoms from some
strains of X. ¢. pv. poae was examined. Annual blue-
grass originating in the UK., rough bluegrass originating
in the UK., supina bluegrass and big bluegrass were used
as the test plants. All tested strains of X. ¢. pv. poge
(JT-P192, JT-P482 and ATCC33804) multiplied in a
similar manner in the inoculated leaf tips of all tested
plants (Fig. 1). In the inoculated leaf tips, bacteria
multiplied to about 107 c¢fu/5 mm length of the leaf tissue
until 5 days after inoculation, and then the bacterial
population declined. This decline of bacteria] popula-
tions in the inoculated leaf tips was related to the wilt of
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Table 2. Disease severity on Poa species inoculated with different strains of X. c. pv. poae

Plants inoculated

Disease index® (%)

(origin or cultivar) JT-P192 JT-P482 ATCC33804
Annual bluegrass
Poa annua
(originating in the UK.) 58.3*x4.8 100.00.0 36.7+4.1
(originating in Japan) 58.3+4.7 100.00.0 41747
Rough bluegrass
P. trivialis
(originating in the UK.) 30.0+2.7 46.7+6.8 51.7£5.2
(cv. Omega) 33.3+3.1 46.7+4.8 58.3+4.7
(cv. Sabre) 25.0+0.0 38.3+4.1 46.7+4.8
(cv. Colt) 26.7+1.7 35.0+3.3 48.31+45
(cv. Laser) 28.3+2.3 38.3+£4.8 48.3+4.5
(cv. Dasas) 28.3+2.3 38.3+54 70.0+4.4
Kentucky bluegrass
P. pratensis
(originating in the UK.) 26.7+1.7 15.0£3.3 16.7+3.1
(cv. Ken Blue) 18.3+3.0 11.7£33 16.7+3.1
(cv. Merit) 25.0+0.0 21.7+3.3 20.0+2.7
(cv. Coventry) 15.0£3.3 13.3+£3.3 11.7£3.3
(cv. Adelphi) 15.0£3.3 16.7£4.0 13.3+3.3
(cv. Baron) 25.0+0.0 16.74+3.1 18.3+3.0
(cv. Raml) 18.3+3.0 20.0+3.6 15.0£3.3
(cv. Banff) 20.0x2.7 18.3+£3.0 15.0%3.3
(cv. Nassau) 13.3£3.3 16.7+£4.0 15.0+3.3
Supina bluegrass
P. supina
(cv. Supina) 33.3+3.1 100.0£0.0 33.3+3.1
Big bluegrass
P. ampla
(cv. Sherman) 10.4+£3.7 17.5£3.8 100.0+0.0
Canada bluegrass
P. compressa
(cv. Ruebens) 21.7+£2.3 16.7+3.1 10.0+3.3
Sandberg bluegrass
P. secunda
(cv. VNS) 6.7+3.0 20.0x£5.6 15.0%+3.3
Bulbous bluegrass
P. bulbosa
(cultivar unknown) 25.0+0.0 23.0+2.1 16.7+4.2
Alpine bluegrass
P. alpina
(cultivar unknown) 6.71+3.0 6.7+3.0 13.3+3.3

a) Each value is the mean (disease index t+standard error) of 15 replications of inoculated

plants.

leaves. Test bacteria were not able to maintain their
populations in the inoculated leaf tips of their host
plants, because the inoculated leaf tips dried out 4 weeks
after inoculation when inoculated leaves had wilted
severely. Typical symptoms were not observed in rough
bluegrass which had been inoculated with strain JT-
P192 or in big bluegrass which had been inoculated with
either strain JT-P192 or JT-P482. In these cases, bacte-
rial populations in the inoculated leaf tips did not decline
rapidly.

Multiplication in the lowest part of the culm differed
in different strain/plant combinations (Fig. 2). Strain
JT-P192 was able to multiply in the lowest part of the

culm of annual bluegrass and supina bluegrass. Strain
JT-P482 was able to multiply in the lowest part of the
culm of annual bluegrass, rough bluegrass and supina
bluegrass. Strain ATCC33804 was able to multiply in the
lowest part of the culm of annual bluegrass, rough
bluegrass, supina bluegrass and big bluegrass. In annual
bluegrass/pathogen combinations in 5 mm of tissue seg-
ments, strain JT-P482 multiplied to about 1.0x10° cfu,
strain JT-P192 multiplied to about 1.0X107 cfu, and
strain ATCC33804 multiplied to about 1.0 xX10* cfu. The
multiplication rate of strains in the lowest part of the
culm in annual bluegrass was correlated with the plants’
disease severity. This relationship between the multipli-
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mm sections of leaf tissue from the inoculated
leaf tip of Poa species. Annual bluegrass (P.
annua) (A), rough bluegrass (P. trivialis) (B),
supina bluegrass (P. supina) (C) and big blue-
grass (P. ampla) (D) were inoculated with 1.0 X
10® cfu/ml of bacterial suspension of JT-P192
(O), JT-P432 (@) and ATCC33804 (M) by leaf
clipping-inoculation. Inoculated plants were
grown in the greenhouse at 25°C/20°C (day/
night temperature). Bars indicate standard
error (n=3).

mm sections of tissue from the lowest part of
the culm of Poa species. Annual bluegrass (P.
annua) (A), rough bluegrass (P. trivialis) (B),
supina bluegrass (P. supina) (C) and big blue-
grass (P. ampla) (D) were inoculated with 1.0 X
108 cfu/ml of bacterial suspension of JT-P192
(O), JT-P482 (@) and ATCC33804 (B) by leaf
clipping-inoculation. Inoculated plants were
grown in the greenhouse at 25°C/20°C (day/
night temperature). Bars indicate standard
error (n=3).

Table 3. The symptoms produced on Poa species inoculated with 10 strains of X. ¢. pv. poae

Plant Symptoms®
an

inoculated JT- JT- JT- JT- JT- JT- MB MB MB ATCC

P192 P195 P196 P481 P482 P484 218 245 291 33804

Annual bluegrass w/C Ww/C w/C W w W ' W w/C w
Rough bluegrass — — — A\ W w w W — w
Supina bluegrass w/C W/C w/C w W W w W W/C W
Big bluegrass — — — — — — — — — w
a) w/c, wilt and chlorosis ; w, wilt only ; —, no symptom.

cation rate in the lowest part of the culm and aggressive-
ness was observed in all strain/plant combinations.

Microscopic observations 4 weeks after inoculation
showed no bacteria in the lowest part of the culm of the
other Poa species, Kentucky bluegrass, Canada blue-
grass, sandberg bluegrass, bulbous bluegrass and alpine
bluegrass.

Symptoms of host plants

Symptoms of four species of Poa inoculated with 10
strains of X. c. pv. poae were ohserved after inoculation

(Table 3), using the same plants as those used in the
examination of bacterial multiplication. Four strains,
JT-P192, JT-P195, JT-P196 and MB291, caused wilt and
chlorosis on their host plants, annual bluegrass and
supina bluegrass. Newly elongated leaves after infection
were a discolored, pale yellow. Five strains, JT-P481,
JT-P482, JT-P484, MB218 and MB245, caused wilt on
annual bluegrass, rough bluegrass and supina bluegrass.
Type strain of X. ¢. pv. poae, strain ATCC33804, caused
wilt on annual bluegrass, rough bluegrass, supina blue-
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Table 4. Features of three groups of X. ¢. pv. poae
Representative Symptoms on Pathogenicity to Pathogenicity to
strain host plants rough bluegrass big bluegrass
Group 1 JT-P192 w/C» —®) -
Group 2 JT-P482 W + , —
Group 3 ATCC33804 W + +

a) w/c, wilt and chlorosis ; w, wilt only.
b) -+, showing pathogenicity ; —, no pathogenicity.

grass and big bluegrass.

DISCUSSION

In this study, a disease index of 309 was used as a
borderline between the presence and absence of typical
symptoms. From this basis, strain JT-P192 caused symp-
toms in annual bluegrass, supina bluegrass and two
cultivars of rough bluegrass (cv. Omega and the one
originating in the UK.). However, JT-P192 was unable to
spread to the lowest part of the culm of rough bluegrass
after leaf clipping-inoculation. Because of this and the
fact that ethylacetate extracts of culture filtrate of
JT-P192 show phytotoxic activity (data not shown),
strain JT-P192 may produce phytotoxic compounds in
inoculated leaves of rough bluegrass, which cause the
symptom-like effects on rough bluegrass.

In many cases, both compatible and incompatible
bacteria multiply within the inoculation zone®”. Robin-
son and Callow, studying the multiplication and spread
of the xylem-invading xanthomonads X. ¢. pv. poae and
X. oryzae pv. oryzae in rough bluegrass'”, reported that
both compatible and incompatible bacteria could multi-
ply within inoculation zones at similar rates but that
their migration through plants varied. Compatible bacte-
ria were distributed throughout host leaves, whereas the
spread of incompatible bacteria was limited to the inoc-
ulation zone. Results from the present study showed that
all strains were able to multiply in the inoculated leaf
tips at the same rate but that multiplication in the
lowest part of the culm varied with different plant/
strain combinations. In our method, the multiplication in
the lowest part of the culm was correlated with bacteria
distribution throughout the inoculated leaves, from
inoculated tip to the lowest part of the culm. Using this
pathogenicity trait of compatibility and the ability to
distribute throughout leaves of host plants, strain JT-
P192 is compatible with annual bluegrass and supina
bluegrass, strain JT-P482 is compatible with annual
bluegrass, rough bluegrass and supina bluegrass, and
type strain of X. ¢. pv. poae ATCC33804 is compatible
with annual bluegrass, rough bluegrass, supina bluegrass
and big bluegrass. X. ¢. pv. poae strains, however, are
not compatible with the other tested plants, Kentucky
bluegrass, Canada bluegrass, sandberg bluegrass, bul-
bous bluegrass and alpine bluegrass. Multiplication in
the lowest part of the culm also corresponds to symptom
appearance and its rate to disease severity.

Egli and Schmidt® reported that X. c. pv. poae showed
pathogenicity to the Poa genus, although considerable
differences in susceptibility are found at the species
level. In our previous report'?, we reported that the
bacteriological properties of test strains, JT-P192, JT-
P482 and ATCC33804, were the same and that their host
range was limited to the Poa genus. We now propose
that X. ¢. pv. poae should be divided into three groups
with the same pathovar status (Table 4). Group 1 causes
pale yellow discoloration of new elongated leaf blades
and wilt to annual bluegrass and supina bluegrass.
Group 2 causes wilt to annual bluegrass, rough bluegrass
and supina bluegrass. Group 3, which includes the type
strain of X. ¢. pv. poae, causes wilt to annual bluegrass,
rough bluegrass, supina bluegrass and big bluegrass.
Representative strains of group 1 and group 2 are strain
JT-P192 and strain JT-P482, respectively.
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